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A NEW ELASMOSAUR FROM THE
EAGLE FORD SHALE OF TEXAS
BY

S. P. WELLES*

INTRODUCTION AND DISCUSSION
ELASMOSAUR SKULL

OF THE

marine reptiles, plesiosaurs with extremely
S
THE ELASM0SAURwere
long necks and proportionately very small heads. The larger individuals of the Upper Cretaceous attained a length of forty feet, with
necks over twenty feet long. Their limbs were so highly modified into
paddles that progress on land must have been extremely difficult, if not
impossible. Their long sharp teeth indicate a fish-eating habit, and
this has been confirmed by the fossilized stomach contents. The fish
were evidently gulped down whole and ground up in a gizzard-like
organ which contained stomach stones.
The origin of the plesiosaurs is still unknown. Their earliest representative, Pistosaurus, is a small marine reptile found in the Triassic rocks of Central Europe. Jurassic plesiosaurs are well known from
England, where they attained a length of about ten feet. The Cretaceous elasmosaurs had a world-wide distribution, and they developed into gigantic "sea-serpents." Their extinction at the close of the
Cretaceous Period is even more mysterious than their origin.
Many genera and species of elasmosaurs have been described.
Most of these descriptions were based on isolated vertebrae or unidentifiable material. Before the last decade, our detailed knowledge of
these creatures came from four or five partial skeletons. Not one was
complete enough to combine an identifiable skull with a neck of known
length, much less with the very distinctive pectoral and pelvic girdles.
A series of fortunate discoveries has been made in North America
within the past decade. In 1937 a joint expedition from the University
of California Museum of Paleontology and Fresno State College
excavated a nearly complete skeleton from the Panoche Hills of the
Coast Range. After I had prepared a description of this specimen for
publication, Mr. Alfred M. Bailey, Director of the Colorado Museum
of Natural History, kindly allowed me to study and describe a splendid specimen at that museum. Dr. Chester Stock, of the California
Institute of Technology, then gave me permission to study and describe additional specimens from the Panoche Hills. With this background, I attempted a revision of other North American Cretaceous
elasmosaurs from the literature (Welles, 1943).
The fine new specimen at Dallas, which is the basis of this paper,
combines an uncrushed though somewhat damaged skull, in which
*Mu$eum of Paleontology, University of California, Berkeley, California,
[ 5]
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sutures are exceptionally distinct, with a complete neck and pectrum.
It is thus the key to the Cretaceous Mid-Continent elasmosaurs and
my gratitude to Dean Ellis W. Shuler for allowing me to study and
describe it is indeed great. I am also indebted to Professor C. L.
Camp, Director of the University of California Museum of Paleontology, for making my trip to Dallas possible and for helpful criticism
of this manuscript. Most of the illustrations used here are by Owen
J. Poe.
As study of this Dallas skull progressed, it became obvious that
my earlier reconstruction of the elasmosaur skull was not correct. Incomplete sutures had led me to separate the old "squamosal" into
squamosal and "quadratojugal," but I had only the posterior sutures,
and the anterior relationships of the quadratojugal were not established. The Dallas skull gives us an anterior limit to the "quadratoj ugal." It also helps to clarify the nasal and prefontal region which
I had restored incorrectly.
After my return to Berkeley from Dallas, Mr. E. C. Galbreath
visited the West Coast and Dr. E. Raymond Hall allowed him to bring
me the Lawrence skull for study. This gave me the opportunity of
comparing it directly with the Berkeley and Denver skulls and with
my notes and photographs from Dallas. I was then almost convinced
of the "quadratojugal" and postfrontal relationships, but still did not
understand the nasal, prefrontal, and lacrimal.
It was obvious that if my interpretation of the "quadratojugal"
was correct in these North American Cretaceous skulls, a similar
condition, long overlooked, must obtain in the Jurassic forms of
Europe.
A generous travel grant from Miss Annie M. Alexander to the
Regents of the University of California enabled me to visit Europe
in the fall of 1948 and restudy the skulls there. Dr. W. E. Swinton
placed the material in the British Museum of Natural History at my
disposal. Here the disarticulated skull of Tricleidus seeleyi confirmed
my interpretation, as the "quadratojugal" is a separate flat element
that fits against the quadrate and is capped by the concave lower
edge of the squamosal. Andrews' original figure (1910, fig. 75) shows
this correctly except that his "sq"' is the true squamosal and his "sq"
is really "quadratojugal." I had the great privilege of discussing these
results with Professor D. M. S. Watson.
Professor F. von Huene helped generously with the problem at
Tiibingen. Together we studied his skulls of Plesiosaurus brachipterygius, Peloneustes philarchus, and an isolated quadrate region of
Thaumatosaurus. Here again we found the "quadratojugal." We also
found a clearly separate lacrimal lying in front of the jugal and above
the maxillary, forming the anterior part of the lower border of the
orbit. This discovery came too late for me to recheck the London
specimens, but the maxillary of Tricleidus seeleyi has a sharp dorsal
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edge and there is a gap between this and the jugal that must have
been filled by the lacrimal.
These points were confirmed by a study of the specimens at
Stuttgart that Dr. Berckhemer generously placed at my disposal.
In a final restudy of the Kansas material, however, I was unable
to trace the quadratojugal suture through from one end to the other
under the binocular miscroscope. I am therefore unable to demonstrate a separate quadratojugal in the Cretaceous elasmosaurs. I now
think it likely that this element is separate, as shown in the accompanying plates, but since I lack complete proof, I have shown the
suture dotted and placed a question mark ahead of the abbreviation qj.
The lacrimal was found on the specimens at Ttibingen, but I have
found no sutures to prove that this element is separate in any of the
Cretaceous skulls.
The history and relative position of the individual skull bones
are the fundamental characters which will determine plesiosaur
kinships, and until these are known, such phylogenies as we now draw
from other skeletal characters must be considered tentative.

Elasmosaurus morgani, * n. sp.
Type.-A
skull, cervical vertebrae, pectrum, and other fragments in the Department of Geology, Southern Methodist University, Dallas, Texas.
Type locality.-Andy
Anderson farm near Cedar Hill, Dallas County, Texas.
Age.-Uppermost
Eagle Ford shale, lower Upper Cretaceous.
Diagnosis.-Teeth
9/16; premaxillae extending posteriorly to form anterior
part of pineal foramen, where they meet the parietals; nasal flat with rounded outline; prefrontal raised above level of nasal: pineal for amen very narrow and forward between the orbits; 62 cervical vertebrae (possibly more). Length of skull,
42.5 cm.; neck, 561.8 cm. Atlas and axis completely fused, with a pronounced ventral
spine. Pectrum with well-developed median bar; coracoids broadly expanded behind
narrow shaft. Distal end of humerus with sharp posterior projection. Large epipodial foramen.
GENERAL

REMARKS

The specimen is in a very hard gray limestone concretion that
weathers on the surface to a soft yellowish clay. Small nodules of
hematite occur, superficially weathered to limonite. Small uncrushed
cephalopod shells are abundant in the limestone. The matrix is crossed
by veins of crystalline limestone and gypsum.
The bone is dark brown. The parietal is almost black, yet the
equally weathered supraoccipital is lighter brown. The teeth are
almost black.
The skull measures 42.5 centimeters from premaxillary tip to
condyle, with the quadrates projecting 4 centimeters behind the
*Named for Mr. Charles Gill Morgan, who through much patience and diligence obtained and prepared the skeleton for Southern Methodist University.
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condyle. It is beautifully preserved and only slightly crushed, although
the top of the skull was shoveled away before coming into the possession of Southern Methodist University. The sutures are clear, with
few exceptions, in spite of the maturity indicated by the pectoral bar.
The specimen had been skilfully prepared under Dr. Shuler's
direction by Mr. Morgan. This fact enabled me to spend most of my
time, about fifty hours, on the skull. About half of this was with a
binocular dissecting microscope, cleaning and tracing sutures, and
half with hammer and chisel, exposing the epipterygoid and occipital
region.
THE

SKULL

Outstanding features of the skull include the sunken nasal, the
pitted face, the short maxillary tooth row, the considerable portion
of the jugal that forms the lower border of the temporal arch, the
forward position of the compressed pineal foramen, and the peculiar
striated and raised area on the parietal paralleling the supraoccipital
suture.
The two premaxillaries are fused into the usual elasmosaurian
beak and extend posteriorly forming a sharp crest. The suture with
the maxillary begins behind the third tooth (not counting the empty
medial alveolus) and runs to the anterior border of the naris. Dorsally and posteriorly, the premaxillary meets the sunken nasal and
frontal. It extends posteriorly mediad to the nasal and frontal to meet
the parietal in a deeply interdigitating suture.
The median part of the premaxillary lies alongside the almost
obliterated pineal foramen and actually forms the anterior two-thirds
of the wall of this foramen. I could find no break in the premaxillary
from beak to parietal.
The surface of the premaxillary is punctured by about twentytwo foramina, each about 1 millimeter in diameter. Similar foramina
are found on the maxillaries, and even larger ones occur on the
jugals. These must be for nerves or blood vessels, or both, and indicate a sensitive facial region.
The maxillary meets the premaxillary in an obvious suture, forms
the ventral and posterior border of the naris and the anterior border
of the orbit. It then continues posteriorly below the jugal, almost to
the posterior end of the jugal.
A dorsal projection into the postnareal bar lies lateral to the
sunken nasal and shows a suture for the prefrontal.
The right maxillary bears only four teeth, the largest lying below
the postnareal bar. The most posterior maxillary tooth lies below the
anterior border of the orbit. Thus the teeth are carried only on the
anterior third of the maxillary.
The surface of the maxillary is pitted in the same manner as the
premaxillary and, in addition, it bears several larger foramina near
the naris,
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The nasal lies lateral to the premaxillary crest, forms the dorsal
border of the naris and is bordered laterally behind the naris by a
raised prefrontal. It extends posteriorly to overlie the frontal. It is
situated almost the normal diameter of the naris behind and above
the naris so that the nareal opening is not oval but is shaped like a
figure eight.
The frontal has been broken laterally to such a degree that the
limits of this element cannot be determined. The posterior suture with
the parietal can be traced backward above the orbit for about 2 centimeters when it is lost in a fusion of the elements. The dorsal surface
of the frontal is concave transversely above the orbit, forming a
groove that continues clown the nasal into the elongated naris.
The prefrontal is preserved only at its anteroventral tip where
with the lacrimal (or maxillary).
sutures
it
The lacrimal probably forms the lower border of the anterior twothirds of the orbit, overlying the maxillary and meeting the prefrontal. This is indicated by skulls, mentioned above, at London,
Tilbingen, and Stuttgart. I have not been able to demonstrate this
separate lacrimal in the Cretaceous plesiosaurs and if present in these
forms, as I think it must be, it loses its identity by early fusion with
the maxillary.
The postfrontal is a thin plate of bone forming the lateral twothirds of the wall between orbit and temporal fenestra. Its suture
with the parietal is clear, but I could not find the suture with the
postorbital.
The postorbital is broken and lost on the left side. On the right
the middle part of the lower end lies above the dorsal surface of the
jugal. It is restored by comparison with other elasmosaur skulls,
but in the photograph the postorbital bar is too slender.
The jugal can be readily delineated. It lies above the maxillary,
clearly separated by a suture that extends downward and backward
to about the center of the orbit near the middle of the temporal
fenestra. Anteriorly the dorsal border of the jugal is lost. Posteriorly
a jagged, open suture joins jugal and quadratojugal. This suture is
nearly vertical. The lower border of the jugal between this suture
and the underlapping maxillary is very rough and evidently served
as origin of the external face of the adductor mandibulae. The horizontal suture with the postorbital is clear on the right side.
The lateral surface of the jugal is perforated by larger foramina
than those on the rostrum.
The parietal borders the posterior third of the pineal foramen,
where it meets the premaxillary. It then continues posteriorly to
form a sagittal crest only 5 millimeters wide. The parietal forms the
inner half of the anterior shelf of the temporal fenestra. Here in a
parasagittal suture it meets a lateral element, the postfrontal.
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The parietal widens ventrally beneath the thin sagittal crest to
form the roof of the braincase. The total breadth of the anterior part
of the braincase is 26 millimeters. The epipterygoid rises to almost
meet the parietal at the middle of the cranium. The parietal meets the
squamosal posterodorsally, where the two parietals insert between
anterior projections of the two squamosals. The parietal laterally
overlaps the supraoccipital ( or interparietal)
below and in front of
the squamosal suture. This overlap can be traced posterodorsally for
about one centimeter to where the parietal meets the Yentrolateral
wing of the squamosal. The squamosal then continues to overlap the
supraoccipital ( or interparietal)
nearly to the top of the posterior
surface of the skull. The parietal expands anteroventrally above the
supraoccipital in a swelling of the braincase. The lateral suture with
the supraoccipital runs anteroventrolaterally
to the level of the top
of the epipterygoid where it becomes horizontal to continue around
the top of the prootic. An elevated rugosity on the surface of the
parietal lies parallel to, and about one centimeter in front of, the
supraoccipital suture.
The two squamosals meet above in the midline in a rough suture
that is everted posteriorly into a rugosity. This suture runs forward
about two centimeters, then the squamosals separate to enclose the
parietals. The parietal-squamosal suture can be traced ventrally about
two centimeters from the sagittal crest where it turns horizontally
backward for a centimeter, then runs ventrally again to the lateral
edge of the supraoccipital. The body of the squamosal forms an arch
outward, backward, and downward from the dorsal midline to the
quadrate and ?quadratojugal.
The quadrate ramus of the squamosal extends down to the lower
edge of the paroccipital process of the exoccipital where it lies against
this process, rests on the quadrate, and probably touches the pterygoid. The posterior quadrate suture shows well on both sides, running from beneath the paroccipital process outward almost horizontally to the lateral surface of the skull.
The arch of the squamosal is missing on both sides. This is a
great pity, for this skull would undoubtedly have proved-or
disproved-a suture between squamosal and quadratojugal. This suture
was first apparent to me on Thalcissomeclon, where the vertical element (squamosal) had pulled away from the horizontal (quadratojugal) and the posterodorsal border of the latte1· curYed posteroventrally. Furthermore, this border seemed to be a natural edge. The
skull of TricleZ:dns :secleyi, a macerated juvenile, sho,rn a separate
squamosal with a lower edge that is laterally conca,·e ·where it rests
upon the quadratojugal.
This, and evidence from skulls at Tiibingen, indicates that the
squamosal i::; confined to the vertical bar and that the horizontal plate
is a separate quadratoj ugal. However, as noted above, clear proof is
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still lacking in the Cretaceous skulls so that this separation, although
probable, is not yet demonstrated.
The ?quadratojugal is clearly distinct from the quadrate and lies
lateral to the lower part of the quadrate. It extends forward and
upward to meet the jugal. Although distinct from the quadrate, this
element cannot be separated from the squamosal on this skull. How-

Fig. 1. Elasniosaurus morgani, n. sp., reconstruction of posterior view of skull,
X ½. bo, basioccipital; eo, exoccipital; ip, interparietal;
oo, opisthotic; p, parietal;
pao, paroccipital process; pt, pterygoid; q, quadrate; ?qj, ?quadratojugal;
rp, retroarticular process; so, supraoccipital;
sq, squamosal.

ever, evidence from other skulls, especially Tricleidus seeleyi, indicates that the quadratojugal is a large flat bone overlapping the quadrate clearly, and so closely joined to the squamosal that they usually
seem to be a single element. A distinct dorsal suture is shown in
Thalassomedon, but here again I could not follow it for its complete
vertical distance, even though the quadrate-quadratojugal
suture is
quite clear.
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The quadrate is clearly separable from the lateral ?quadratojugal,
and from the posterior vertical bar of the squamosal. It forms the
entire condyle and is met by the pterygoid in a vertical suture about
two centimeters above the condyle. The posterior surface of the quadrate is about three centimeters broad and forms a stout, well-braced
support for the lower jaw. This surface continues medially in a
convex curve above and behind the pterygoid.
The basioccipital forms the nearly spherical condyle which extends above the level of the foramen magnum. A slight transverse
depression or constriction separates it from the braincase. The tuberous process extends downward and backward about one and one-half
centimeters. This process has an opening on its distal end suggestive
of a similar opening in the dicynodonts which receives the foot of
the stapes, but there seems to be no room for such a stapes in this
skull.
I excavated the braincase only a short distance and failed to find
any suture with the basisphenoid. The exoccipital suture is clear on
both sides.
The exoccipital is clearly defined, resting on the basioccipital and
arching laterally to wall the foramen magnum. It is fused to the
opisthotic which sends a long paroccipital process posterolaterally
to the squamosal. This long, slender paroccipital process is typical of
the plesiosaurs and is quite different from the broad plate of Simosaurus and Nothosaurus. A deep vertical groove lies between this
paroccipital process and the vertical part of the exoccipital. The dorsal part of the exoccipital-opisthotic arches inward at the suture
with the overlying supraoccipital. The foramen magnum is 27 millimeters across at the central widest part and only 20 millimeters at
the base and top of the exoccipital. It widens again above the exoccipitals.
The exoccipital-opisthotic is 25 millimeters long anteroposteriorly
and arches laterally anteriorly where it meets the prootic, the three
together forming an almost spherical braincase.
The prootic lies in front of the opisthotic. It rests on the opisthotic
and is capped by the supraoccipital and parietal. The epipterygoid
just touches it posteriorly.
The supraoccipital rests upon the exoccipital and prootic in a
nearly horizontal suture and forms an arch above the foramen
magnum. It is overlapped laterally by the parietal, with the anteroventrolateral suture clearly traceable along the side of the braincase.
The supraoccipital arches laterally just above the exoccipital, to
form an enlargement of the foramen magnum. It then sends a projection downward and backward in the midline to duplicate posterior
vertebral zygapophyses. Matrix prevents pursuing this comparison
further.
The interparietal lies just below and behind the conjoined squa-
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mosals. It is overlapped anteriorly beneath the squamosals by the
parietal. It is about 22 millimeters broad at its lower end, and its
posterior surface is laterally concave. It sends a lateral wing up
under each squamosal. There is no doubt that this element is separate
from squamosal and parietal, but a break and a gap prevent tracing
the relation of this interparietal to the supraoccipital below. A distinct interparietal is clearly shown in the juvenile Tricleidus seeleyi,
where the grain of the interparietal is vertical, while that of that enclosing squamosals is horizontal.
The epipterygoid is a flat, thin bone, uncrushed and in its normal
position. It rises from the pterygoid and almost touches the parietal
at the center of the temporal fenestra.
The bones of the braincase, especially the otic elements, have the
same relationships as those in Peloneustes philarchus, so ably figured
by Andrews (1913 :2, p. 36).
The vomer extends 25 millimeters behind the internal naris where
it meets the pterygoid in a transverse suture. The vomer meets the
palatine in a straight parasagittal suture just behind the internal
naris. The ventral surface of the vomer is convex, both transversely
and anteroposteriorly.
The palatine is a long narrow bone, also with a convex ventral
surface, and it extends from the internal naris to the ectopterygoid.
It is paralleled by the pterygoid internally, and the premaxillary and
maxillary externally. The ventral surface of the palatine is rough.
The ectopterygoid is a long element meeting the pterygoid in an
obscure suture. The bone is very rough posteriorly where it borders
the posterior palatine fenestra.
The pterygoid meets the vomer anteriorly and extends posteriorly
medial to the palatine and ectopterygoid. The two pterygoids separate
to reveal the narrow parasphenoid eleven centimeters behind the
interior naris. The pterygoid underlies the basisphenoid behind the
interpterygoid vacuity. The ventral surfaces of the rami of the
pterygoids lateral to the interpterygoid vacuities are concave. The
lateral edge extends posteriorly to meet the quadrate in a tight vertical suture. It seems also to meet the squamosal just above the
quadrate, but the possible suture is hidden by the paroccipital process.
The quadrate ramus is on a plane 5 millimeters above the lateral
edges of the pterygoid at the basisphenoid.
The parasphenoid appears in palatal view like a large-headed
spear. The tip lies between the pterygoids, point forward, while the
narrow vertical interpterygoid plate represents the spear handle.
Posteriorly the parasphenoid underlaps the basisphenoid. Its width
within the interpterygoid vacuity is only two millimeters.
The left hyoid lies below the ectopterygoid. It is a slender bone
about 85 millimeters long and 9 millimeters wide. Only the anterior
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tip of the right hyoid is preserved, and this lies in its corresponding
position.
LOWER JAW

The mandible measures 53 centimeters around the outer curve.
process, 4.2
The symphysis is 7 centimeters long; the retroarticular
centimeters.
The right ramus was broken and healed during life in an almost
sagittal break 9 centimeters at its center from the symphysis. This
break includes dentary, splenial and angular, and the bones healed
with much sutural growth and a deposit of extra bone which caused
a thickening of the jaw.
This parasagittal break could have been the result of thrusting
the snout against an unyielding object. Such an impact could have
caused a shear in the bone parallel to the direction of force. It is
difficult to imagine any other cause for such a fracture.
The dentaries form a more massive symphysis than the premaxillaries. The dentary extends 37.5 centimeters posteriorly to its
suture with the surangular, ending almost directly below the posterior
end of the jugal. There are 16 teeth on the right dentary, 15 on the
left. The last tooth lies below the posterior tip of the maxillary.
The anterior external surface of the dentary has many small
foramina. A row of these, 2 millimeters in diameter and larger than
the others, extends along the upper face of the dentary about one
centimeter below the alveolar border. These perforations correspond
to those on the facial region.
The angular extends far forward against the dentary to within
three centimeters of the symphysis. It forms almost the posterior
half of the lower border of the jaw, and is gradually supplanted by
the dentary in the middle third of the jaw. It probably extends posteriorly to the tip of the retroarticular process, although the sutures
are not clear behind the articular.
The splenial forms the inner part of the symphysis and extends
posteriorly above the dentary and angular for 7.5 centimeters until
it is pinched out between the angular and coronoid. This "splenial"
might be only a dorsal wedge of the dentary, as I am not certain of
a suture with the dentary.
The coronoid begins two centimeters behind the symphysis and
extends posteriorly 25 centimeters, forming the lingual upper border
of the jaw. It is separated from the underlying angular by a deep
longitudinal groove. It rises anteriorly above the splenial, and similarly lies above the prearticular posteriorly.
The surangular meets the dentary at the coronoid process and
overlies the angular back to the articular.
The prearticular extends posteriorly from the median mandibular
f enestra above the angular and below the coronoid to meet the articular. Its posterior extent is not known as the sutures are indistinct.
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The articular is so fused to the surrounding elements that I could
not determine its extent. The articular sulcus for the quadrate is
carried so far around the quadrate condyle that the lower jaw seems
to have been locked in articulation. I doubt whether it could have
been loosened from the quadrate without breaking the bone.
TEETH

The teeth are smooth to the touch on tip and base, but the middle
part, the lower enamel, is wrinkled irregularly, the striations about
½ millimeter apart. They have a circular section and conical points
without the pronounced external flattening of Hydrotherosaurus. The
pulp cavity is also circular. The upper teeth extend back only to the
postnareal bar, occupying only the anterior third of the maxillary.
There are aveoli for nine teeth on the right side, of which two are
empty. On the left side are a vacant alveolus and seven teeth. The
right dentary bears sixteen teeth, the left fifteen.
POST-CRANIAL SKELETON

The cervical vertebrae extend from the skull to the pectrum in a
complete, nearly continuous series. The total length is 539.5 centimeters, or 17 feet 8 inches, to the end of the 61st vertebra at the
clavicles. If the atlas, axis, and 62nd vertebra are added on and
allowance made for crushing the 23rd vertebra, the total length of
the neck is 561.8 centimeters, or 18 feet 5 inches. The vertebrae are
disarranged at the pectrum, the 62nd lying to one side. The 62nd is
probably the last cervical, but this cannot be determined without turning and cleaning the great shoulder block.
The summits of the neural spines and the ribs were lost by the
original excavators of the skeleton. The centra are uncrushed, except
for longitudinal compression of the 23rd from an expected 75 millimeters into 24 millimeters.
The atlas and axis are fused so that I could not see any sutures.
The articular face for the condyle is a vertical oval with a deeply
excavated socket. A rough spine projects one centimeter below the
ventral surface, reminiscent of similar spines on the ventral surfaces
of mosasaur cervical vertebrae. Behind this spine the ventral surface
bears a narrow keel.
The 4th and 5th vertebrae have prominent discs projecting three
millimeters beyond the articular faces of the centra. This disc becomes smaller on the more posterior cervicals and is erratic in its
development. A lateral keel* is prominent on the anterior cervicals
and is noticeable as far back as the middle of the neck.
"'This was called a "lateral longitudinal angle" by Cope, but the present term
is simpler and more descriptive in that the structure corresponds to a similarlydeveloped ventral keel.
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TABLE
Elasmosaurus
Measurements
Length
3

22
35

4

35

5

37

Height
32

1

morgani, type

of centra of vertebrae

in millimeters

Breadth

Comments

42

spines missing

...

45

disc prominent, projecting 3 mm. on anterior border

?30

post.
54
ant.
54

6

39

?32

7

41

probably
?37
42

53

disc smaller, ventral keel and 2 foramina
disc smaller, lateral keel faint, runs length of
centrum
ribs fused tightly, situated anteriorly, broken
off

8

44

9

45

...

55

lateral keel stronger at posterior end of centrum

10

49

...

60

zygapophysis 75 long, therefore great overlap
disc only 47 mm. broad

11

50

...

57

12

52

...

62

vent. keel broadenin~ anteriorly and slight
depression at end o centrum

13

52

?40

63

anterior cervicals depressed-fig.

14

55

post.
40

?65

ends of centra rounded back from disc to lat
keel 6 mm.

15

58

42

65

vent. keel flares out anteriorly and posteriorly, reaching to disc

16

61

17

64

42

18

57

...

19

65

...

67

20

70

...

...

21

67

47

22
23

73

...

77

25

80

. '.

26

82

27

85

..

8

65
67

...

.

52
...

55

rib attaching more posteriorly

77
...

crushed anteroposteriorly

24

55

little separation of disc

into 24

...

ventral face nearly flat

82
79
85
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TABLE
Length

Height

Comments

Breadth

rib 2 cm. from front
1 cm. from back

82

28

87

29

92

...

88

30

95

?55

93

last of contacted sequence

31

95

63

...

turned flat on side

32

102

...

...

half vertical

'''

same

...

33

102

34

100

.. '
70

35

101

..

36

100

'''

38

ll0
102

39

105

40

37

vertical

91
100

'

105
72

105

80

107

.

''

112

104

.

''

112

41

105

.

'.

120

42

106

77

117

43

107

80

117

44

110

82

121

45

110

..

'

121

46

110

..

'

120

47

110

'''

120

48

ll0

'''

125

49

?

?90

125

50

105

.

...

51

110

'.'

''

53

105

54

115

.

55
56

ll0
112

57

110

'

58

...

..

59

102

'''

...

60

95

'''

..

'

61

102

rib facet on side

..

'

62

98

rib facet on side

.

115

''.

'

'''

. '

...

.

'.'

..
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great massive, flat-bottomed centra, ventral
keel short and occupies central ½ of length
of centrum from 44 on

'''

..
...

52

17

'

.

''

''

...

..
'

•·'

probably last cervical

'.
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The ventral keel increases in relative length back to the 16th
cervical where the ventral midline is as long as the articular surface
of the centrum. Between ·this and the 19th vertebra, the lateral keel
is reduced to a slight swollen ridge and even this is indistinct by the
25th vertebra. On the 23rd cervical, the disc is almost obscured and
the ventral surface of the centrum is nearly flat.
The cervicals gradually increase in size to the 44th where they
have become massive and flat-bottomed, with a short, swollen ventral
keel which occupies only one-third of the length of the centrum.
As mentioned above, the in situ length of the neck, plus the 1st,
2nd, and 62nd vertebrae is 5568 millimeters. To this we must add the
50 millimeters lost by crushing the 23rd vertebra, giving a total of
5618 millimeters. The sum of the lengths of the first 62 vertebrae is
5197 millimeters, which, subtracted from the last figure leaves 421
millimeters that must have been occupied by the intervertebral
cartilages. This is only a minimum figure because the neck has been
compressed longitudinally. However, it indicates a 7 millimeter intervertebral cartilage. This suggests a more rigid neck than in other
elasmosaurs, but this seeming rigidity could be due to the postmortem compression.
The pectrum':' is beautifully preserved in natural articulation.
The ventral surface is exposed and the outlines practically perfect
although the flat bones have been crushed down upon underlying
irregularities. The outstanding feature is the strong median bar uniting scapulae and coracoids.
The clavicles are extremely broad, extending almost across the
anterior faces of the scapulae. Both clavicles are fused along the
midline and are fairly thick anteriorly. The anterior and posterior
ends of the midline suture are slightly separated, four and five centimeters respectively. No interclavicle can be seen between the separations, but a large plate behind the right clavicle, lying dorsal to it
and the scapula, may be the interclavicle.
The scapulae meet in the midline in a long suture, projecting
posteriorly to within eight centimeters of the glenoid. The median
bar thus developed is about ten centimeters wide and at least as deep.
Two oval, slightly asymmetrical fenestrae are formed by the scapulae
and coracoids. The suture between the scapulae and coracoids can be
clearly traced anteroventrally from the glenoid fossa. The dorsal
blades of the scapulae are hidden by matrix.
The coracoids are massive, with a heavy central thickening at the
ventral center of the midline suture. They project anteriorly to meet
the scapulae about eight centimeters anterior to the suture at the
glenoid, thus extending beyond the scapular border of the glenoid.
*I introduced the term "pectrum"
pectoral girdle.

(Welles, 1943, p. 140) as an abbreviation
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The right coracoid extends a little farther into the cordiform intercoracoid vacuity than does the left. The posterior neck of the coracoid
is only about eleven centimeters broad while the posterior end expands to a little over thirty centimeters. The intercoracoid vacuity
is almost closed behind where the coracoids approach to within four
centimeters.

Fig. 2. Elasmosaw·us morga.ni, n. sp., ventral view of pectrum. Shaded area at
center of coracoids indicates great thickening, X 1/12. cl, clavicle; cor, coracoid;
? ic/, plate of bone, possibly interclavicle; sc, scapula.

Many workers have thought that the complete development of the
pectoral bar is merely indicati\'e of an old, or at least fully adult, indiYidual. In this specimen the open condition of the cranial sutures
is evidence that the animal was not old, yet its large size is certainly
beyond the ju\'enile range. We thus ha\'e a pectoral bar well deYeloped
in an animal which ,ms probably a young adult, so that we may
no\\· use this character in classification, realizing, of course, that a
juvenile individual might lack the bar or have it weakly developed.
In a region containing HO much cartilage we could reasonably
expect much variation in ossification, and we may eventually place
less emphasis upon the pectrum than I do at present.
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The head of the right humerus lies in the glenoid. It has not been
cleaned enough to show detail, but has an unusually flat proximal end,
nearly at right angles to the shaft. The massive distal end of this
humerus is also preserved and is peculiar in the long sharp postero-

\

I

I
I

1

I

1

I

I
I
I

I

,,/
____ ,....,,.

/

I
I
I

Fig. 3. Ela,s111osa,1l/"US 111orga11:, n. sp., distal encl of humerus, radius and ulna,
X ¾,. h, humerus; i, intermeclium; r, radius; re, radiale; u, ulna.

distal extension. There is not enough of the humerus to show the
anterior knee. The distal border has concavities for both radius and
ulna.
The radius is attached to the humerus and sho,Ys a Yery deep
notch at the ulnar surface. The radius is typically elasmosaurian in
that its breadth exceeds its length. Its convex head fits closely into
the concavity of the humerus. The strong development of the anterior
proximal corner is unusual. This is shown on the better preserved
left radius.
The radiale is remarkable in having an anteroproximal projection
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that extends up around the distal end of the radius. It probably represents a completely fused supernumerary ossicle. This sharp anteroproximal corner is repeated on the first carpale and the first metacarpal.
TABLE
MEASUREMENTS

OF APPENDICULAR

2

SKELETON

OF

Elasrnosaurus rnorgani,

IN CENTIMETERS
CLAVICLE

40+
______ ______________________________________________________
__ ______
Width of both
_
17
___ ________________________________
--------------------·Length, parasagittally _______________

SCAPULA

40
Greatest length, anteromedially from center of glenoid surface ______________
____________
9
Width of glenoid bar___________________________________________________________
42
Anteromedially from lateral end of coracoid suture_____ ____________________________
11
______________
________________
_____
__________
Length of glenoid portion_________________________
12.5
_________________
______ ____
Length of coracoid suture____ __ _____________

CORACOID

60
from inner end of scapular suture __________
Greatest length, parasagittally
_
38
________________________________
____ _____
Length of midline suture__________________________
13
_____________
_
____ __
____
___ ___
____________
____
Length of scapular suture__________
18
__
___________
__
_______________________
Length of glenoid portion___ _____
28
_ ___ . __________
_______
Greatest width at posterior edge of glenoid__ __
30
_ _____________
Width at lateral end of scapular suture___________
11
. _________________
_____________
_
______________
____
Width of shaft___________________________
31
_____________________________
___ ____ ___
Width of posterior expansion___________

HUMERUS

Anteroposterior
Anteroposterior
Anteroposterior

.

_
15
____ ________________________________
__ __________
proximally_____________
12
___ --------------------------------------------·------------____
shaft _______________
30
------------------------------------------------------distally----------------------------·

RADIUS

15
----------------------------------------------------------------------Length ---------------------------------------·
18
___________
--------------------------------------------Breadth prnximally _______________________________
RADIALE

10
_------------------------------------------·--·-···-·---·-·---------------------------Length __________________
12
·-----···-___________
____________
-----------------------------------Breadth -------------------------------------

COMPARISONS

WITH

MID-CONTINENT

ELASMOSAURIDAE

Elasrnosaurus platyurus Cope, 1868, 1870; Williston, 1903, 1906;
Welles, 1943, etc.
Discosaurus carinatus Cope, 1868.
For bibliography

and synonymy see Kuhn, 1935.

The type, and only specimen of this species, is in the Philadelphia
Academy of Natural Sciences. It lacks the skull, girdles, and limbs
and some of the vertebrae. Dr. Horace G. Richards kindly allowed me
to restudy this famous specimen and I arranged the vertebrae in
sequence. Matrix contacts are still preserved between most of the
centra and upon fitting these together it became obvious that the
numbers (Cope's ?) on the centra did not correspond to the true
sequence. For example: my numbers 32 and 33 were labeled 31
and 37.
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I measured the centra, as rearranged, and a tabular comparison
with E. morgani is presented here, measurements approximated
where not directly available. There is slight difference in the lengths
of the centra in the two species but E. morgani with its shorter neck,
shows much heavier centra in the posterior neck region. Here the
centra are appreciably higher and half-again as broad as the corresponding centra of E. platyurus.
TABLE
COMPARATIVE

MEASUREMENTS

3
OF CERVICAL

CENTRA

OF

Elasmosauru,s platyurus and E. morgani
No. of
Vertebra

5
10
15
20
25
30
35
40
45
50

Length
E.p. E.m.

41
51
57
67
79
90
98
107
115
115

37
49
58
70
80
95
101
104
110
105

Height
E.p. E.m.

30
30
32
42
45
50
60
68
68
82

32
40
42
47
52
55
70
77
83
90

Breadth
E.p. E.m.

38
42
50
55
56
61
62
66
70
80

54
60
65
75
82
93
100
112
121
125

The actual number of cervicals of E. platyurus was figured by
Cope ( 1870, pl. 2) as 74. Williston restudied the specimen and distinguished three pectorals, giving the cervical number as 76. My
restudy has shown 71 cervicals, 5 pectorals, 5+ dorsals, 6 sacrals, and
16+ caudals. It is possible that a few cervicals are missing. It thus
had had at least nine more centra than did E. morgani, but as yet we
know nothing of the individual variation among elasmosaurs. Zangerl
(1935, p. 63) found that in Pachypleurosaurus edwardsi the number
of presacral vertebrae varied from 32 to 42, and the cervicals from
13 to 21, but this little Triassic sauropterygian is not ancestral to
the elasmosaurs. It may be no indication of the variability we may
anticipate in the latter group, but is interesting as a demonstration
of high individual variation in a primitive (and therefore probably
highly variable) side branch. Of course, we will never have hundreds
of complete elasmosaur skeletons to study as did Zangerl of Pachyvleurosaurus. Therefore, until a high variability can be demonstrated
among the elasmosaurs, I prefer to interpret the differences in the
vertebra of E. platyurits and E. morgani listed above as indicative
of specific distinction.
The fused premaxillaries figured by Cope (1870, pl. 2) show no
differences from the Dallas form. The mandibular symphysis of
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Cope's specimen has a blunt tip instead of the round tip of E. morgani.
Cope gives the length of the symphysis as 7.6 centimeters, versus 7
centimeters for the Dallas jaw. I do not consider this significant, and
actually there is not enough of the Cope skull to warrant further comparison, except that the condyle of E. platyurus is very small, only
24 millimeters across.

cor

I

I
I

I
\

',)
/, __________
_
'

Fig. 4. Elasmosaurus platynrus Cope, revised figure of pectrum, scale unknown, to show probable anterior borders of coracoid and scapulae as indicated by
E. morgani. cl, clavicle; cor, coracoid; sc, scapula.

A comparison of the pectra is also interesting as these are the
only two North American forms with a median bar. Unfortunately,
the Philadelphia pectrum has long been lost so we now have only
Cope's figures. In my latest paper (1943), I accepted Cope's outline
of the pectrum, but changed his scapulocoracoid suture to its universal position within the glenoid fossa. E. morgani shows that the
peculiar posterior excavation into the coracoid shown by Cope (1870,
p. 51, fig. 7) is probably an error.
The anterior border of the elasmosaur coracoid is normally rather
weak, but the center of the body of the coracoid is strengthened by a
transverse thickening. This is correctly shown in Cope's figure by
transverse shading. However, since this thickening is in the center
of the body of the coracoid, the coracoids of E. platyurus must have
extended farther forward than shown. The Dallas coracoid is crushed
on the right side so that it shows a false outline of the scapulocoracoid
vacuity which is exactly like that shown by Cope. It is likely that a
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similar crushing misled Cope in his restoration. If a new restoration
be made and the dorsal processes of the scapulae re-emphasized, we
arrive at a pectrum remarkably like that of E. morgani. The anterior
border of Cope's scapula probably includes part of the clavicles, and
the scapula would curve mediodistally as shown in the restoration
presented in figure four. Even as I have modified Cope's pectrum, it
still shows unexplainable peculiarities in the sharply outturned posteroexternal border of the scapula and in the failure of the intercoracoid vacuity to appear in the area illustrated by Cope ( unless it
is indicated by the solid line on the left coracoid).
If the median scapulo-coracoid suture is correctly shown in Cope's
figure, it is clear that the coracoids do not extend so far forward as
in E. morgani.
Considering the differences in number and proportions of the
cervical vertebrae and the similarities of the pectrum, I have here
referred the Dallas specimen to the genus Elasmosaurus Cope, but
consider it a distinct species from E. platyurus Cope.
Styxosaurus snowii (Williston) Welles.
Cimoliasaurus (Elasmosaurus?) snowii Williston, 1890D.
Cimoliasaurus snowii Williston, 1903.
Cimoliasaurus snovii, Cope, 1894B.
Elasmosaurus snowii (Williston) Williston, 1906.
Styxosaurus snowii (Williston) Wells, 1943 (partim.).

In brief review of the synonymy, in 1890 Williston was uncertain
whether to refer his type specimen to Cimoliasaurus or Elasmosaurus.
He later chose the latter genus. In 1906 (pp. 228-229), he identified
"with much certainty" a specimen at Yale University (Y.P.M. no.
1644, accession no. 636) from a locality "only a few miles distant
from, and in almost precisely the same horizon as, that of the type
specimen ... " He went on to write, "I suspect that the specimen
represents a somewhat immature animal; if not, it offers almost
generic differences from the E. platyurus." On this composite concept, I (Welles, 1943) erected the new genus Styxosaurus, because
I considered the girdles too different from E. platyurus to be
included in the same genus. I was able to examine this Yale specimen
with the help of Professor J. T. Gregory, and found that it is an
elasmosaur about half-grown. I now consider its identification as
"snowii" questionable. This is beside the point, however, since Styxosaurus snowii is founded upon the skull and anterior cervical vertebrae. The uncertainty of the identification of this Yale juvenile with
the Lawrence specimen merely removes the characters of the former
from consideration here. Since it is juvenile and its identity uncertain, I prefer, in the present state of our knowledge, to leave it nameless.
Williston's (1890) figure of the skull of E. snowii shows only a
few sutures, but his outline of the skull, repeated in 1903, is like E,
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of this same skull follows Wilarrangement from both of
tooth
in
liston's earlier outline, but differs
at the "jugal-squasutures
unusual
Williston's figures. Cope shows
toid."
ral-supramas
mosal" and "supratempo
Dr. E. Raymond Hall kindly allowed Mr. E. C. Galbreath to bring
this skull to Berkeley, and I hope to publish a redescription later. 1
am deeply indebted to them both for the opportunity of seeing the
specimen. I have thus been able to generally confirm the sutures outlined by Williston, although my restoration of the outline of the skull
shows a lower sagittal crest than both his and Cope's restorations.
This is because I have made different allowances for crushing.
of S.
Measured along the alveolar border, the premaxillary
cent),
per
49
(
maxillary
the
snowii is almost half of the length of
while in E. morgani the premaxillary is but 39 per cent of the length
of its maxillary. The Kansas skull shows the orbit relatively nearer
suture when compared
the alveolar end of the maxillopremaxillary
the ratio of 82 to 87
in
premaxillary
the
of
with the alveolar length
specimen.
Dallas
for the
The border of the orbit, postorbital bar, and border of the temporal fenestra were lost in E. morgani, so these regions are not comparable. The maxillary teeth on the Dallas form are limited to the
region in front of the anterior border of the orbit, while in S. snowii
they continue almost the entire length of the maxillary.
If my placement of the parietal-squamosal fragment is correct in
E. morgani, and I feel fairly certain that it is because of necessary
surface continuities, then the dorsal growth of the squamosals to
overlap the parietals is greater in the Dallas specimen.
Williston shows the lateral quadrate-squamosal suture as exposing
much more of the quadrate than is visible in the Dallas skull. Cope
corroborates this same suture (1894B) as does Williston in 1903, and
as I have just done.
The mandibular symphysis is the same length (7 cm.) in both
skulls, but S. snowii has a slightly heavier chin.
There are 28 vertebrae articulated with the Kansas skull. These
were described and their measurements given by Williston (1890).
The anterior vertebrae are smaller, the posterior larger than in E.
morgani. This indicates a shorter neck in S. snowii. Williston described the third cervical with a ventral, "carina," or spine, which is
similar to that on the atlas-axis of E. morgani.
The differences in the skull and vertebrae enumerated above seem
of such a degree as to warrant the retention of Styxosaurus snowii
as a genus and species distinct from Elasmosaurus morgani and E.

morgani. Cope's (1894B) restoration

platyurus.

Published by SMU Scholar, 1950

27

Fondren Science Series, Vol. 1, No. 1 [1950], Art. 1

26

FONDREN SCIENCE SERIES

Hydralmosaurus serpentinus (Cope) Welles, 1943.
Elasmosaurus serpentinus Cope, 1877G, U; Williston 1906;
Watson 1924.
This species is inadequately described but is represented by a
considerable portion of the skeleton at the American Museum of Natural History. I hope to publish a redescription in the near future, but
can now state that it differs from E. morgani in lacking the median
pectoral bar, in having shorter coracoids, and in lacking the greater
posterior development of the distal end of the humerus.
Alzadasaurus riggsi Welles, 1943.
Riggs (1939) had described and figured this specimen under the
name of Elasmosaurus serpentinus, following Williston (1914). I considered it generally distinct from H. serpentinus and so renamed it.
The pectoral bar of Elasmosaurus morgani is absent, and the scapulae
of A. riggsi do not meet anteriorly. The posterodistal border of the
humerus is much more pointed in E. morgani.
Thalassomedon hanin,gtoni Welles, 1943.
I described this form on a beautiful, nearly complete skeleton in
the Colorado Museum of Natural History. It differs from E. morgani
in possessing a distinct interclavicle, and in lacking a median pectoral bar. The distal ends of the humeri are quite different. The Denver skull is crushed and after seeing the Dallas specimen, I am afraid
that I misidentified several sutures and placed the orbits too far forward in my 1943 restoration.
The pineal foramen of T. haningtoni is farther back than in the
Dallas skull, and the paroccipital process is less well developed.
COMPARISONS

WITH WEST COAST ELASMOSAURIDAE
Hydrotherosaurus alexandrae Welles, 1943.

This was described on a fairly complete skeleton with a partly disintegrated skull. By comparing my restoration with the uncrushed
Dallas skull, and referring again to the original material, it is evident
that I made the lower jaw and beak too heavy, and misplaced several
of the sutures. A new restoration will be given later. The external
nares of the two skulls are quite different and the Berkeley skull
shows no indication of sunken nasals and raised prefrontals. The
Berkeley skull has gibbous teeth, the Dallas, round.
The Berkeley specimen lacks median bars in pectrum and pelvis,
and the humerus does not show the great posterodistal projection of
E. morgani.
The clavicular arch is absent in the Berkeley skeleton.
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Morenosaurus stocki Welles, 1943.

This species differs in having strongly compressed vertebrae with
deep dorsal and ventral notches on the faces of the centra. The welldefined interclavicle of this form is absent in E. morgani. The coracoid of M. stocki projects far forward, yet the pectoral bar is not
developed. The distal ends of the humerus are similar, but the proximal ends are quite different.
Aphrosaurus furlongi Welles, 1943.

The posterior cervical vertebrae of Aphrosaurus are quite distinct in having a semi-cylindrical ventral longitudinal groove. The
crinkling of the ends of the centra are also different from E. morgani.
The pectoral bar is absent, as in the other California forms, and
this species also has a much smaller clavicular arch than E. morgani.
The distal end of the humerus is quite different in the two forms and
A. furlongi lacks an epipodial foramen.
Fresnosaurus drescheri Welles, 1943.

This juvenile form is of no great taxonomic importance, yet it
lacks any indication of a pectoral bar.
SUMMARY

Elasmosaurus morgani, n. sp., a long-necked plesiosaur, is described on an uncrushed, though damaged, skull, neck, and pectrum.
The specimen is in the Geology Department of Southern Methodist
University and was collected in the uppermost Eagle Ford shale
about twenty miles from Dallas. This is the first association in the
North American Cretaceous of an uncrushed skull with a neck of
known length and a good pectrum. It is made the basis for a new
restoration of the pectrum of E. vlatyurus Cope.
Styxosaurus snowii (Williston) Welles, at Kansas, is shown to
be distinct, but the Yale pectrum referred to this species by Williston is here considered to be an indeterminate juvenile.
Comparisons are made with other Mid-Continent and West Coast
elasmosaurs.
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PLATE 1
Ela,smosaurus morgani, n. sp., lateral view of skull. Missing
parts modeled in plastelline and dorsal squamosal fragment
replaced. Retroarticular
process missing on left side. a, articular; d, dentary; fr, frontal; l, lacrimal; mx, maxillary;
n, nasal; p, parietal;
pf, prefrontal;
po, postorbital;
pof,
postfrontal; px, premaxillary;
q, quadrate; ?qj, ?quadratojugal; sa, surangular;
so, supraoccipital;
sq, squamosal.
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PLATE 2
Elasmosaurus morgani, n. sp., dorsal view of skull.
al; j, jug al; l, lacrimal; mx, maxillary; n, nasal; p,
pf, prefrontal;
po, postorbital;
pof, postfrontal;
maxillary; q, quad rate; ?qj, ?quadratojugal;
so,
cipital; sq, squamosal.
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PLATE 3
E lasmosaurus niorgani, n. sp., ventral view of skull and jaws.
The fused atlas and axis is crushed against the right pterygoid and a piece of the right mandibular ramus is broken
away. a, angular; c, coronoid; d, dentary; ect, ectopterygoid; h, hyoid; pl, palatine; ps, parasphenoid;
pt, pterygoid; p~:, prernaxillary;
sp, splenial; v, vomer.
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PLATE 4
Elasmosaurus morgani, n. sp., dorsolateral view of right
nares and facial region. Note the lateral edge of the lacrimal and prefrontal
raised above the level of the nasal.
fr, frontal;
l, lacrimal; mx, maxillary; n, nasal; pf, prefrontal; px, premaxillary.
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PLATE 5
n. sp., dorsolateral view of brainmorgani,
Elasmosaurus
case. eo, exoccipital; e11,epipterygoid; j, jugal; p, parietal;
pro, prootic; pt, pterygoid;
po, postorbital; pof, postfrontal;
sq, squamosal. The
so, supraoccipital;
?qj, ?quadratojugal;
dorsal border
missing.

of the ?quadratojugal
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PLATE 6
Elasmosaurus morgani, n. sp., left lateral views of anterior
and medial cervical vertebrae, the neural spines missing.
A, 6 and 7; B, 10, 11 and 12; C, 15 and 16; D, 19, 20 and 21;
E, 25 and 26; F, 31, 32 and 33. Fifteen-millimeter
scale in
each photograph.
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